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PROBLEM TO BE SOLVED: To obtain a C surface-singly oriented epitaxial film by forming a 
perovskite type or tungsten bronze type dielectric material film on a thin film consisting mainly 
of Zr02 and formed on a semiconductor single crystal substrate. 

SOLUTION: One or more epitaxial thin films containing zirconium oxide or the zirconium oxide 
stabilized with a rare earth metal element (including Sc and Y) are formed on a silicon single 
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flMb*T*>5±iB (is) ^ai»lo 

(2 0) TOiaEftM*©^*^**-* M!**:!**:*' 

^hoyf!)^, ^^yf^yiffi (PZT) , ~ 
t^hn^?^9l>A (SBN) *fc 

g^<y (pbn) "c*>5±ia (is) (i 

9) aflJHWR. 

(2 1) TOIBEWJifll^^^^^^^R^fcS-tlB 
(1 8) - (2 0) <0V^-fiXJ&»0>«JiMRo 
(22) mils S i gfi i ElRlWK^ttfitti^ffiBBft* 5 
-<p h^fctt^^^^^^c^X [10 0] 
//S i [0 10] -C*>S±IB (2 1) <Z>SJf3PBIo 

(2 3) tfrfSS i *ttA&tK, «mttEA*K«J:r5 

y^ryyD>x (ooi) //«mtt*an (ooi) 

//Si (10 0) T-fc5±IS (1 8) - (2 2) cov^-f 

(2 4) htJIES i *ttflSSa:W«ttElRl*Ki:»BB 
t-, »*biM'=a = £**fctt*±S&«5GSS (ScioJ; 

4b*fMt£^KLfcJilE (18) - (2 3) <DV^iX3&» 

©aim*. 

(25) mummmm<Dmtis^=-<}-i*'£t2\zft 

±M&m5cm (ScfciVYSr^tf) (c«J;9 3c£<{b<**x 
fc^bvo^ — £<feOjfijft3&SZ r i-x Rx O2- 6 
T\ RttS c*5^I5Y^r'g'tf^r±^JR7t;^-efo , 9, x 
= 0 — 0. 75, 6 = 0 — 0. 5tfo5) -CfcS-hfe 
(1) - (5) , (7) , (11), (1 2) - (1 
4), (17), (24) (D^fW^SI»l. 

(26) m^mmmm<nmki?^~$j*&. &m 

«:0-^<fl|fiR5c*0^^*JIU-CZ r 2: 9 3mol%K±'S' 
*rf£-LfE (1) - (5) , (7) , (11), (1 
2) -(1 4), (1 7), (2 4) - (2 5) W^f 

(2 7) *JIElMb*WBta> (0 0 2) K»<OPs/^r> 

^-^^fflHisi. 5° «T-e*>5±ia (1) - 

(5) , (7) , (11), (1 2) -(14), (1 
7) , (2 4) — (2 6) <D\,^-ftlfr(nmmW%&o 

(28) ffifB»<b*»R0>*cB*>i" <4<kt>80% 
3ftS, SSpftS 5 0 Onm-CO+^isSaSR z3ftS2nm»T 
-C*>S±IB (1) - (5) , (7) , (11), (1 
2) -(1 4), (1 7), (2 4) - (2 7) WV^ 

(29) *l!BBMb»»»as , Btfb ^ A- = - 9 * * I* 
*±JS&JRtc* (S c*5*tJ<Y«r£tri -?£j£<b£;h,fc 



«2«>3itr#*S/-r>uBI«r^tt< t fc*tr±K (D ^ 

(5) , (7) , (11), (17), (2 4) - (2 

8) ov^fHwaisa 

(3 0) l!(rE*2 W^tf^^r^ir^»^o^*-f 

A*fcttmb^B***r£rt»i:'*'a±E (2 9) £0 

(3 1) AMES iftUSAStf*, HufS^n V 

3ftS^a^j(7>f h [100] //Si [010] -t?*>5± 
IS (2 9) ifcfci (3 0) <D*BJl»Mo 

(32) ±re (1) - (31) <ot^i"n**oaJisifli 

(3 3) ±12 (1) — (3 1) Wl^ftj&^flJiMK 
(3 4) S iVttA£«, rcOS ilHliCli:, 

»>fbi?^3^*A*fctt*±sa^«7c* (seism 
f^-e, s i mig&mmvtom, n&wft^omimjfx 

fcir/Z r * fcttZ r i'>4< 4 t 1 i©*± 

ia^b4^*m^^t: 0 ^^^^^^^ii:"C(0*— Er*3^ 

(3 5) ffiEl6{b^= a =-*A*fc(i*±a&JR5c* 
(S c*5<fcl/Y£«&tfO tc<t 0R£fbSixfcBMbi^' = 
nr> Zri-x Rx O2- 6 C:t s RfiScdSj: 
VY^to«r±aA*7C*"t?fef, x = o-0. 75-C 
fc-5o 6i*0 — 0. 5Tfo^ 0 ) ^IMOt(Z)-e 

&5±f5 (3 4) <0«Ji»R0>RiS#ft, 
(3 6) «TfBS iW.&&m&b LT, S«»BiC, Z 

(S c*3j:l5Y4r*tf) RiRtJcJ: 9»fifcSixfc.i 
x 1 <D^fflS£i££*ri-£ S i ajffi*Q.SS4BS:/flV*S ±|E 
(3 4) (3 5) <B«Ji»K<Z>»3i*ifeo 

(3 7) fJIBS i *ffi«iaS«3ft s , S i W&ASfiS? 
BJdffSO. 2-lOnm^S igttl^MU r<7> 
ft, 6 0 0-1 2 0 O'CtCaft^-r^ tit 

^, KffiWrtfclMbtt^^SrWAL-C, ^tt<it>*« 
iSffO#H«0»*»ffi«:l xiO^-lxiO- 1 Torr 
tU ffilBS i BMb*Jl* s ?SJS£*T<fcS* 

^EiC, Z r ^fct^Z r t^<C< i 4j 1 a«)*±a&« 
Tcig (Sc*5*tfYfc*tr) t«rSR***Xtt»i-Sw 
fctcj: D»e>nfctw-e*)S±IB (3 6) OfflJiSHRo 
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(3 8) (WES ittfl2»»S:*ai-SKK SMbtttf* 
SrWAbfcllffi»rt"C, Si»^SiS^300-70 

(OiMi^ES: 1 x l 0^ TorrfiLti LT, S i gtfbi&JI 
fr»j*-TS±E (3 7) o«J|ffK^Hift^& 

(3 9) WES i «|&A&K<0»SI^ *C0ifi«*»fe 
IMbtt^SriftttU :©Si»ttMfiiS««lttt© 
»»i9»{btt*^»ffi©i«v^#H««rf^*±E (3 
4) - (3 8) ov^tL*^aJU»KO»JS*jSfec 

(4 0) DHBS i WttAXtttr, *tE*aBffiW*s l 0 
cm 2 WiOtOiri-Sirit^* £S£[sJte£i*:5 w t 
lei 9, «rE»<btt^^S5»E»H«S:S iVSAIfi 

tc^Tt o T UK »^*a— &iMfc«J»BISr 5 ±E 
(3 4) - (3 9) ov^i*iX3&^aJB»Koa45S*»o 
(4 1) fflrE^tT^^r^^^B(*»*"t"SIB* MRS 

i *3BSS««:7 5 orKi^lraJBi-SiE (3 4) — 

(40) <D\r*-rM><D&mwB&<om6jf&* 

[0 0 13] 

w t36ST*S. $ 6Jd«A«BaTi03-Zn 
-x RxOi- 5 -Si T'li, ffi*ffiBB«SrBaTi(h(001)//Zri.x 
Rx02- 6 (001) //Si(100) , T^o^W^tt^BaTiOa [1 
00]//Zn-x RxOz- 5 [100]//Si[010]"C/£g£ii:£ r. t lz 
£9, (001) KlRjOBaTi03»R*:»Sr ijflS"C#5 0 * 

vzfxXJ (K 2 N i F< 

[0 0 14] JRj»»««:-t(Dffirt-ClsHES 
(CI*. 1 0 cm 2 £U:<B*ffi8l"C*&— ~Ci^nn®0 
WIIMbtt*mfras rtm 

[0 0 15] **3, ^¥2-2 5 8 7 0 0-5§-^«fc: 
(BaTiOs) *3BAKS:*S83»T?tiS;ttL, rco^tc&fc 

SMb"*"* ZblzZQl* CtfjT, ffi*fS:H«ASBaTi03 (00 
l)//Zn-x Rx02- 5 (001)//Si(100), ^oBaTiOs [100]// 
Zn-x RxOz- 6 [100]//Si[010]"Cfo5^^^^V^^ 
<©*fiK#FTttfc:tt5. r S i (100) »»ft±(c 
JgfiRSJxfclftdcZn-x Rx0 2 - 6 C:^ RliSc*3j:T/ 
Ymt±MIT*fcl x = 0-0. 7 5, 5=0 
-0. 5tfc5) Oi«»fittJ&»o^U^-C5ptattS: 



tROlDlR[a««:850 t^ib^OOt; w BaTiOstf? 

*<&#»Jfc*B a/T i Sr0--1 (B*>T h&JR 

w iK* DSiStg±"C(001) 

[0 0 16] SfetC, ±E4#M^2-2 5 8 7 OO^ii 
WfcflB^Snfcftflfra:, 1 0 cm 2 «±0>*:«ffi«*:*rf 

^¥2-2 5 8 7 OOtM^t, SS®82. 
2 5cm 2 Gfi 1 5 X 1 5inni 2 ) »tT*> 

tact, MiffilOciD 2 ^±^pI^tcLTV>5 0 
[0 0 17] 

(S c*5,fci*Y«rS-tri fc* ^^b^fcSHbi^i^ 
^\+9*is*MS9k*:'P**< £ 1 l Ji*tfIMb«MMt, 

*U SIR^ffiirWfKcffiElRK -Tite*) (0 0 1) IS 

[00 18] &ib\ *W*B»^*5»tS#— Er63lBi:tt, 

>fbM^^i:$:#*^5o Aflctt(-tt, «ttf, (00 
l) Hi-ElBjJISt, -r35cfc*)cffi*— ElPlBItt, IR0 2e 

-exjiiHiSr (xrd) -e (ool) Ba^oswaiift 
(ool) ffiKWo>»* tr— ^ 3»K<o i o %«T, 

1>T (OOL) fi, (001) * (0 0 2) t££(D&m 
<CBSr«W-*-5*^"C*>f?> (LOO) ft^tCoV^Tt 

[0 0 19] *M»*(C*3t^T^tr^^^ir^il!l 

8f B ^X«i, Y«i*5J:t/ztt*'iPHc:i 1 b(--t5or 

te, (0 0 1) ^f^v'-wvil, -r^^^cffi^it 0 ^ 
^'>^^K-Cli, J^0 2 e-dXm^tff'V (OOL) ffi 

K^otr— ^»S*s, (ool) ®oft^t°— ?&m<D 
l 0%BT, #*L<(i5%«TTfeS. IB— fc, RH 
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)V&b^7LZ>o RHEEDirli, S£tB5jt®^& 

[Eltfr (Reflection High Energy Electron Diffraction 
) TrfcO, RHEEDf¥ffii4, RBrtfc*3l*5*S*Hl 

[0 0 2 0] *tt^<n^*>f>ffl*«ri, <k*aAB 

^*>r hw&&mmz&irtzA'iM k bint m^as 

**»>f ^-^«r*i"o AliCa, Ba, Sr. Pb, 
K, Na, Li, La*5±VCd3&»e>31tfixfcia«± 
■e*)5:i^ff4L<, BliTi, Zr, Tafc^N 
b a»fc»tf*L*: 1 «£Jl±-CS>5 r 
[0 0 2 1] w 5 Lfc^n:/;**^ hS!^»tc*5tt5 
A/BO-t/HafiJEitttO. 8-1. 2"Cfc>9, S fold 14 
0. 9 — 1. lTfc5:i:»tU\ A/B^rcD® 

R««c»tt*fcf45SR«*ftt S:*#i- 5 r t So 
cfttcStU A/Bdso. 8**-ef4tt*ttoa:*»* 
*sa**< 4o"C< So *fcA/B3&si. 2£r;t5i: 

£D4?#A/B<7m/£itf4, fiRKft#*«S6^J: 5 J-M 

itsooftjStt, 3^HSsnsfco-ej435cv^ -^*x 

BOx tCl*5V^T\ x«3lli2. 7 — 3. 3XfrZ>Zt& 

[0 0 2 2] #36WK:fc«4a*l*^»^*#^ f*5Wfr& 
LTI4, A 1 * B 5+ Oa , A 2 * B 4+ Os , A 3 * B 3 * O 
3 , Ax B O3 , A ( B ' o.67 B ff 0.33 ) O3 , A 

<B' 0. 33 B" 0.67 ) Os , A (Bo.s * 3 B0.5 +5 ) O 
3 , A (Bo.s 2+ Bo.s 6 * ) O3 , A (Bo.s 1+ B 
o.s 7+ ) Os % A 34 (Bo.s 2 * Bo.s 4+ ) Os , A (B 
0.25 1+ B0.75 Os , A (Bo.s 3+ Bo.s 4+ ) 
O2.75 , A (Bo.s 2+ Bo.s 5+ ) O2.75 *OV^iX"Cfc 

[0 0 2 3] jy£tttCf4, CaTi03 , BaTiO 
3 , P b T i O3 , KT a03 , BiFe03 , NaT 
a Os , S r T i Os , CdTiOs , KNbOs , L 
iNbOs , L i T a Os , PZT (PbZrOs -P 
bTiOs 3K) x PLZT (La2 Os j&SjfijKJ^ixfc P 
b Z r Os - P b T i Os X) -tOftflP bl^n^^; 

[0 0 2 4] PLZTI4, PbZrOs -PbTiOs 
3R£>HSff"C*>S P ZTCLaiS K— ^Sixfcffrfrft"? 
ABOs 0*1E«cax.tf, A=Pbo.89 -0.91 L 

ao. 11— 0.09 , B = Zro.65 T i 0.35 ~C&>9, (P b 
o.89 —0.91 L a 0.11 —0.09 ) (Z ro.es T i 0.35 ) Os 



[0025] **W(cfflv^r iis»*Lv^M^u^ 

t^n^^^f hS^t*)^ #J;U;£B a T i O 
3 , S r T i O3 , PLZT. PZT, CaTiOs , 

pbT i 03 mw*L\i\ 

[0 0 2 6] ^^^f^pyXSfllifiH it^A 
B2 Oe T*«$ix5o r. rT-A^it/Btt, -tn^fix* 

^^^^nvxaittiiiis^^sA^ k b* 

hJcA5#*»^^^Sr*i"« AI4Ca, Ba, S 
r, Pb, K, Na, Li, Cd, Sc. Y*5itf*± 

14, Nb, Ta, Tife^Zr^blfiilfclSBl 

[0027] r 5 L/^v^fyyo >X^Hb£^- 
*5lt5A/BO^v»fiRJt;t4 0. 3-0. 7tfeD, S 
P> 1^(4 0. 4 — 0. 6T*>5r fc3&S»*LV\ A/B£ 

7c«&, R«ff«tt*fc(43SR«»14«r3k»+Srt!6ST 
#a*isa«>*< *oT< 5o ^fcA/B^O. 7&r 

5ww»-t-5w iriaoT^at^o ^7t_b^oAB 2 

fcf4»*aM"CSc3eL^^^^^7 t V^ r n^X«5t4:» 
tft»^T*feoT<t<, ABz Ox *C*3l^T, x £>ttl4 
5. 6-6. t3ftS»*LV\ *fcA/B©8 

[0 0 2 8] ^P^I^ItS^y^^T^n^I^ 
i|^i:LTi4, 3ftR«tt*r»*OLandoit-Borenstein Vo 

1. i6E*<o^v^^^o^xa!«-3R<ov^ix-e*> 

oTtJ:V\ fttettfctt, (Ba t Sr) Nb 2 Oe , 
PbNbz Oe , (Pb, Ba) N b Oe , PbTaz 
Oe , BaTa2 Oe , PbNb4 On, PbNb2 O 
e , SrNb2 Oe , BaNb2 Oe ^k^^b^m 

[0029] ±iB<7?5*>HtriE^«^o^*^ vm* 

^, f^^hovf^s PZT, SBN ( (B 
a, Sr)Nb2 0e), PBN ( (Pb, Ba) Nb 
2 Oe )-##*Li\ mJtaK^^flIt4^t 0 ^^^^yHg 

[0030] *38^-ci4, «-&-<o^*>r ha^* 

{«^n^^>f Mfc£* (K2 N i F< ffi«5S<0{b 
[0 0 3 1 ] Itt^o^*^ h<k^«05^B i 
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B i 2 A«-i B. 03.+3 
X&t>£tlZ>o ±ES;(C*3V^-C, mlil~5 0SS, A 
12, Bi, Ca, Sr, Ba, Pb, Na, K&iU* 
±^5c^ (S cisJUYSr^tf) <0V^1*Jx*»-C*>!3, B 
i4, Ti, Ta^^Wbm^fiX^t'fc^c AfrWt- 
(4, B i 4 T i 3 O12 s B i 2 S r T a 2 Os , B i z 
SrNb 2 Og & ifdS^tf &*lSo #36WCI4* Zflb 

[0032] ffli^5»*wt, Wat'fe!), #y *Afc 

TttS i Lv\, tLXSi»8M«) 

(10 0) ffi*SS*ffi»cft5J: 5Jcfflv^sr.^3ftSff4 

[0 0 3 3] «iTfB£ftffR£ S i t ©tt*tt#ffi:BB«tt 
^wjxjjj h*fctt^^^^^t3>-X [10 0] 

//si [oio] -efc5:^84u\ s i 14 

[0 0 3 4] *IM2^7^^ MCt5«/MER 
It. #£L<l4Si (100) EMWnSi* 
&&XB&2ti1tS i JMSfiKEJ:^ ^p:/*;fr>f h 

Z/^^V^n^X [1 0 0] //S i [0 1 
0] T*fc5i2ft»R£ffi;t5 e _bf2iarSj»R 
14, S i*tt*«R±*cB[«*fcr4tt«>»BI«r^Lr» 

[0 0 3 5] ffllE^PX;**^ h^^fc^^^^^x^ 

PZT, SBNitttPBN-Cfcil^S 

[0 0 3 6] *»S307^^ bfcJ:5»Ji*R 

I 0 0 3 7 ] ffll&Efi«Bt0>»» SBNStttPB 

*R<0 M (4 , m b = =■ * A * tt*±« AJR 5cili 
(S c*3J:tfY*r£iri KJ: ^Sfc^bSftfcBMb^a 

^LT, ¥2*fcliUMI£4EI4* Si (10 0) 
[0 0 3 8] *«WW!B4<75T^^<^ <fc 5*SJf 



I4 N |8{k^3=i->A*fcttft±a4JBSili (Sc*5<fc 

2 co^ *S^wR-C&5E|p]»Ri S:*i-S»^b«J 
[0 0 3 9] S2CD^f^^r->Y/^R^^ < t :J X^^>< h 

-e*>5^4:^»*Lv\ ^WMUMsstts i *t«A 

ffiBff^o^-f b [10 0]//Si [0 10] f 

JR-Ctt, »8 0%W, #*L< 14 9 0%£JLb* J: 
Dff*L<f49 5%£Ulj&s, SfllftS 5 0 0nnT*O+* 
spiSaSR 2 3&s»*L<tt2nm£AT, 4 9#3;L<I41 
nm^T, * ib(C$f*L< 14 0. Snm^T-CfcSo 

*5, *WJBB#Jr.*3V^T. «Atf*B«)8 0%ai , t?Rz 

* Lfctt*O10^Bf«±*a3£ Ufc £ 1 8 0 %K 
±<Offi?fT*R ziS2nn»T"t?*>*w fc Rz 
(4, JK^NAMttfll (AFM) l£j:!3Mjrr*5. 
[0 0 4 0] §4(D7^^ h05ffl^»R±tCl4, J:tS 

xx-f*m h*}&»e>*5ElPjS(|B(* s »ritS*tS36S, 312 

[004 1] #38§I1©*5 0>T*'<* M£ 
14, Si (10 0) ffiSr*BJcfi-fSS i J: 
CI, Pt, I r; Os. Re, Pd, R h *3 <fc tfR u 

[0042] stjfas i^jgf e s«^iarsi»RoPpit-, it 

^bi^/V- = = !>^*fctt#±aAJIl5cill (Sc*3i:t/YSr 
^tri Uffi^b*tt^:i6{b^yV3 = *ASr±ri£»4: 
■r-5^t ,, ^^^^>'>fiR^ / >4< 1 1 Ji*tP»^b»» 

[0 0 4 3] **M05JB6or^^ htcj:5S®»R 

i4, Si (10 0) ffi4r*ffi«w3g-f-SS i **gfaT^« 
^tvfcS im«fiS«±iC, P t, Ir.Os.Re, 

vfi^isv^K. &£x*^u7x$j vm^t^**^? 
[oo4 4] Hfiis^n^^^^ ym.*iz-xt$^?*7-> 



(10) 



^§i?9- 1 1 0 5 9 2 



PZT, PBN^tliSBNTfc^ri:^ 

[o o 4 5] anas i mmt&famm<D&&mjj<iLm& 

It^vJxXJ htfclW^f^PV'X [1 0 
0] //S i [0 10] Tfcfcr &2S#*LV\, 
[0 0 4 6] ^fSS i*|gA^£ftJHSfcH^ttttlk 
ft*l*K(0|B Kte , 8Mb ^=*-* A£ fc li*±M£* 
(S c*5J:tfY**tri KiJ:9£56fbS*LfcHKb^ 

[ o o 4 7 ] tfjiss i nuttss* &M*izt±mm&Ht 

-fx* 4 ht/:ii^y^r^nyX [l 0 0] //& 

JH*fcttW«tt»{k» [ioo]//si [o i o] -c*> 
lv\ SMbttftKtt (ooi) ffifpj££ 

So 

[oo4 8] ^_b, %\~~%§<ot*^$ h<Dmmmm 

[0049] ^1-3, $5-6^7^ htlj:, 

tf) tfK*{b*Jxfc»{b^=» = !>AS:i*»fci-5iS 
b J: 5f 2 ox dr 1 ^I^'>fe < ti> 

2 s 4 v > L^mm^mit^onmxh o t *> <t v \ 

ttStS i S«Wtefi*flr§B«tt, ^D^^^-T h [1 

oo] //Si [oio] Tfc5:^*IU\ 

ZT, SBN, B i »tt*fr&ttfc^<03*R*fr, Ptft 
^IM(Dg^$rffi]±$^, cB*-iBrRl*fctt3L 

^^-M^-W-¥S*WMF I SflKf, * 
^/V-*B«»-> ^^-«»*-*i#©MFM I S 

[0 0 5 0] «MEII{b4*»KoiMb^3 = l>A4fctt 
*±BMfe*5c* <Sc**J:tfY«:*tf> fc,fc$5toefbS 
ixfc»^b^=— *A<7)|iftfiJc(4Z n-x Rx Oz- 6 (r 
rT\ Rtt*±«&JR7C* (S c^oJz^Y^-g-tf) -Cfc 
Oh x = 0 — 0. 75, 6 = 0 — 0. 5TfeS) "C£>£ 



[0051] iitreHMb*W«o (o o 2) 

g, mzo. 4° tst'fcSc 

[00 5 2] mEHfbtt«Ka>«ffiG> 8 0 »* 
L<l*9 0%£Lb* J:0»*b<tt9 5%£JlJi*s, 
1^5 0 0nmXO+£¥£>&£ R z L< I2 2nma 

T, «fc0#*L<ttO. Snmi^T, ^bt-#^L<ti 
0. Snm^TTfoSo 

[0053] *amnmmnm<o&*m&tti. ^m»m 

rt\ Kfb»j»»-*3»t5^*< HHiiMz r 

i-x Rx0 2 . 6 (::*e, r tt*±jRA«7c* (Sc^it; 

Y**tf) T*fc9, X= 0-0.75, 6=0-0.5) (D^tf* 
*s/*/i4T<NblK r<oiMb4Miat^±»2:, 
^o^^i^ MHatSrttU taritBaTiOs^TfcSiBlRlW 
S*X, r*LbOffi*(flrBB«36SBaTi03 (001)/ 
/Zn-x Rx0 2 - 6 (001)//Si(100), a»o«i(**flfcBB«ifl s 
BaTi0 3 [100]//Zn-x RxOa- 5 [100]//Si[010]-O*><5*i6 
T?«J*SJxTV>S^tiS#^ 

[00 54] YBCO*4f©a3fe«36»e>oa«Ttt, (001) 
ElPjOBaTi03J.tr^^C/^r/HK*:»J:5 -to 
B*ftBB«liBaTi03 (001)//Zri-x Rx02- 6 (001)//Si(10 

0) , ;6>oBaTi03 [110] //Zn-x Rx0 2 - 5 [100] //Si [010] 4: 
4^ BaTi03*7>*(ft»-7-tt, Zn-x Rx0 2 - 8co»^-(C*tL 
Tcffirt"C45° [el(ELr*^<Ott^3ft5 4:ixr^tr^^i^ 
^^d6«-*-Si«ISSJx5o L*»U *W*feO**«- 
ifii, *Oi5)SffiH«tt«fiKfflJB^fc?l, BaTi0 3 (0 

01) //Zn-x RxOz- 5 (001) //Si (100), ^oBaTiCb [100]/ 
/Zn-x RxOz- 5 [100]//Si[010]OBB«-e«fiK*5TtBT*>S 

[0 0 5 5] i" Zn-x Rx02-6^Oa*4O*&^^ 
»li0.52-CBaTi0a<?!>attli0.40"e*>5*5, -LIS 4 5° S 
rtT*[E]eLT*&^^*r-5BaTi03[110]//Zrux Rx0 2 - 6 
[100]//Si[010]^H«-Ctt y h#8.4%KJfe5o 

£ w J;S»^»-&H«BaTi03 [100]//Zr 

i-x Rx02- 5 [100] //Si [010] Xli, BaTiOa j£A <75 a S t Z 
n-x RxOz- 6»AaEI±lH]lE-fri\ ^(O^it^tS 
rogg, Zn-x Rx02- 5 3^(0.52 X3=1.56nm) 
ML, BaTiOa 4»-¥-(0. 4 X4=1.60nm) ^l^t5, - 

oX, *58W"C(i, BaTiOa[ 100] //Zn-x RxOz- 5 [100]/ 
/Si[010]OBB«S:*iJffli-SwtlwJ:9, (001) iBfRlOx 
t°^^rv' J r/WBaTi03^^#S i ^jflST* S e 
[0 0 5 6] tt<btt«R(^ i|i-OttflRGl8r*LTl* 

[0 0 5 7] »{b*an»«±, j eo±tcia^i^Bi-efo5Ba 
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Tito K* if Sfc A, iMbWI»R0>«Att«:Sil* 

JR. flljfciiAppl. Phys. Lett. 57 (11) 1161-1163 (199 
0). Japanese Journal of Applied Physics, vol .27, No. 
4.L1404O988) jC|B«*ixfct>©"T?tt. «*t*:¥±&tt(4 

[0 0 5 8] tt4bttftR0SSAtttt* XRD (XiRlB] 
^ RHEEDt^i:5t£0/^ - ^Tlfffit 5 1 b&X 

[0 0 5 9] #»W©±lEIMbft*RO(002) H^Slt 

14, * h I> — ^tts6SKV\ i"*t>*>. RHEED fiftis^ h y 
[0 0 6 0] <9 , *J8»olWb**Rrt:, ttA 

[oo6i] RtbttiVRJ: U"C^, = 
fc£tifcmi£i?;i'==$*%&&&b-f 

Stli, Y, Pr, Ce, Nd, Gd, Tb, Dy N H 
o, E r tmti LV\ 

[0 0 6 2] f±SM5ci (S c*3J:t/Y**tf) 

*±«&*5c* (s c 

3o£tfY£$tf) iltYtfflv^Zo.? Ro.3 O2- 5 
OteT-jE&ttO. 5 2nmT£>o7to w Offil4 x (DlStC J: 
9 *fb*iir£w ffllxtf, ±S6Lfc.fc 5 KBa 

Ti03ittft4»^(-#LZ n-x Rx O2- 6*SA3»-7-i: 

[0063] L*»L*ase>, ^y^-^^onsprffifistt 

£ e «itfY©fttel!ii:#±iOPrS:fl^5. r^ir 
IZn-x Rx 02- 60ft^S^§<t^:^CT 



trc. BaTiOjteifc^y^^^fcfta^bi-awt^-e 

[0 0 64] ZrOz tt«j&a>fefflau:a»tt-c:fc#A-» 

Zn-x Rx O2- 5R©»ftttl4xO«iH*-*S 
#"T5o Jpn . J. Appl. Phys. 27 (8)L1404-L1405 (1 

.i/*^Ras#fc*VCl*5. fc*:U x^0. 7 5£jg;i 
*«*"CW:, stfrA-cnfcStf. tfJxtf (0 0 1) 

lafnii^tbtt-f , (111) Rfa©*s*j& s *A-i-a. - 

IE^**^:tt*»*i45*«-ett, J. Appl. Phy 
s. 58 (6) 2407-2409 (1985) \Z bft^btlX^* <t 0 
tc, #J: 9 t-t"S<>OJEJL^©IBlPlffi* s aAL, Eft 

[0 0 6 5] Sfc/rOjUfc-Ct, x#0. 75£j&*:£^ 

Lfc e «x.tfZri.« Rx 02-6(0(00 1) ^fcT** 
ex^ywRfc»J:5 ti-Sts xds^^ttHTtt (11 
1) <D3ftA3&s«AL, R^MBfliatSiiiDaftt 
*#<ftofc 0 x<o**i;i#fcv\ «ffitttt«fti-s« 

GlKlfcS. ^Lt, ro±»CB a T i O3 R£fJ#J$L*: 
(0 0 1) *-Eft*r»5w *3&»o 

ssaFRjco^^T*^ (001) eipj****-*-* w 

So 

[0 0 6 6] c©J:5 4St»(c:a^#, Z r i-» Rx O 
2. 5tCjo(t5x£0±RSI4, $?^L<(40. 7 5, X 5 » 
^L<(40. 5 0i:t2»c ^Lt, i0 3pJfi3S:*ffiS:» 

< 140. 1 0OT-Cfc5o 

[0 0 6 7] tt*3, K*>:»Sr***v^b^3 = * 
At4, mz r Oz T**t?*S3&5, *±aS:**0Lfe 

Vffi»jcJ:ijK*o4A5«{bi-5fc«>, **M«)BMb» 
»ROifidtS:<b*az r i-x Rx O2- 6 t 5 £rflH>T^ 

^Lfco 5*4ii^o~o. searcfcSo 

[0 0 6 8] SfcZrt^trR^bftWRtt, lt«*rl»< 

«J*7t;ifl + <^Z r OJt*iS»*U< 14 9 3mol%^±, ct 
9#£L<(49 3mol%@, $bi-»*L<(49 5mol%^ 
±. 4#|C$f^L<!4 9 8mol%^±, ftt>ff£L<l49 
9. 5mol%W±-efe5o Mfl[^iB(+ixtf»5V>f5if»*» 

WStr^Kti-SfllWIiUTffSLV^ *fcZr02 
I4YSZI^< b^&B-Wi^-^WffWa (MI 

it) ^MLm, JErOC-V^Ftt-Ct^^y^dS 
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i|#tCZr02 tt*WJJBfcLT#*LV\, lEZrOtt 
*0±l8tt, afi«)i:w5 9 9. 9 9%-efc£ 0 Zr£ 
*tf§Mb**R*>Z r *3±VOa^05c*l4, *±«£ 

m^p if -?*>*. Kfttt^ra^tt, »Att 

[0 0 6 9] 4*lc±fB»fb»f*R* s , ±*EL?hx 

OZrOJt**S«raLfc J: 5 ft93mol%«-L-C*>5i«tt*Zr 

ozo^^^s^MHrcfes*^ ^— Eft^tf^3-> 

t^R"efc5widSff*U\ Zn-x Rx 02-5lC*5 
l^Tx#0. 2-0. 7 S^ttHT^l^^-V/HftftS 
t£*»feftT^3c:i:*3fc^fc3&s* tfflS&Lfc 

[0 0 7 0] L!&»L*»W*fe3ftSttWS:«iafc«*, & 
m-tZ>j3&-?J&jSi-tZ>Z.k\z£*). S(r3aLfci«tt«Zr02 
&/Bi>Tl|i-Eft-?, *6>JJi_bELfe»fitt, 
#-r*J*Ras»e>ftfco cco^t-^^r, SiSSirO 

*j&s«B3ftfc 0 Zr02Ott«*s*>36S-6^Lfc*sv\ :o 
J»**s*U^fc«>, rftht, Zr02Offi<te»^J:i9, Si£ 
^e/t^^ig:®^^^ 1 b^^%x.TV>5o YSZ 

[0 0 7 1 ] H<b^ = = *^»iK©Mff* s iKlttttfiK 

[0 0 7 2] S«E©l«>B«-fba«T?ttZ r O2 t 

Hf02 iO#|ltttKLV^-tN Zr0 2 «5ttStt, ii 

^^$tC*5tt5Z r O2 <Ott«tt. Hf ^Zr^PlTC 
*t^*LT»MSiXfetf[-e*>5!flS, Hf02 tt*3§fU3 
(Z*5V^TZr02 fc±<lRl*^«fB"rSfc«>, B8Bttft 
v\ iKtt*©BMb^ = = !>*«R«:, £*A (10 
0) Eft, IE** (0 0 1) Eft, ¥AA (0 0 1) E 

ft(Dt>-fn-efcoT^«t^^, ¥#»A (0 0 1) EftT* 

[0 0 7 3] f«n^ai*R^IHb«9iH2: LT, 

±BW!Lfc»jS;Z n.i Rx O2- fiaHf^f-t^R* 

±(c JFM £ ft 5 EftSRT'fc £BaTi0 3 R^<DEft?$RO 
JSAttasftii-a. *M6tto»l*»{b4*»R± 
Cite, «*.JiBaTi03<O(001) Eft»KT*fo^>*-Eft^ 
t^*^/vR£*#£C<tf4J8Li\, -tX-lc^tzX? 

(110) Efp]ffia s SifiELfc*K £fc(110) EftiStf* 
W^**LfcB"t-6. JSffitt* JSA«fc«>«ixfcBMb** 
R&Ktt\ ^o, «a-t5ErpJ»«OfiKft*«=«cJ:i9, 
(001) EftO^t^^^-yyu^n^^^^ hSSRa 5 #<b 
ft£ e a^^#v-v/v-»<kft»K±lcaK<7?^tr^^v 



X*SAR, £JM**Rtf»&ft<5. r<D^£\ &&Z r 

1- x Rx O2- 5 tf>»l <D=-V**i/ j rJi'9b* ^<v7x 

K #£L<t3BaTi03, SrTiOa 3ft 
flc*»b«ffiSft5iB2<03ifcr^^S/^^Rt©2ii*iS 
£*J&s»ffc**H (T%S) ^^±^iSp 0 pRE 
MR. i-tttefe. ElWtOft»ft»^n^*-f f 
R, ^V^T^aVXR &JHRjM»e>ft*J:^5 

[0 0 7 4] »{b«»R*5«tt5ElPH»R^**ttffl»Jc 
W»Ro«B#S:T*li4:UTffiv^Sii 
£\ Z r Sr*tfBMb*?IR (il<Dx^dr^/H) 
12, 2~5 0nmg£, Eft*R (^2^^^^^ 
R) Hl~5 0nmaS. «ft 3 - 1 0 0 rune** 5 *?* U 
V\ Z r *^tf»^b«*R^:»t«:T»Jii: LTfflV^S 
Z r Sr^tfBMb«Ji»R*4»*L< fl2nm«±, J: 
"9 ff £ L < 14 1 0 nm£LL"Cife 9 , #* L < f* 2 0 0 nm^ 
T, J;D#*L< ttl 0 0nn£JLTT?*>S. tLT, 

LTfflv^i:ti:»j:2 0-i 0 0 OtwM&<d 

[0075] ±U2mmm^TmmtLxm^^t^\z 

r Sr-g-tf»^b*»R*5J:t^<n^*^ hEft*RI4£ 
fc(^S»U^t>Oz)SJ:V\ MF I SWFM I Sm&<D&m 
mt LTffl^5»&Kf** «F*-K{bte»R*X?*)SZr02«: 
±j«»i:i-5l»Rtt»lfttt^*ftSfc», IMtflMMS*: 

2- 5 0 0nm8*fc1"5wi:3&s#*LV\ l £fc, MI S 
aft^'>^OiWI^MI SFETOy-hSMSftl 

*<D,J: 5 i:***^^ ^©Rftftii ttfflv^5»^ 
[zn, &fbtt!WR$:0. 5 — 2 Onm, 4$(C1 — 10nm£ 
n< U Eft«R&5^3 0 0nm£1-ac*j&s»*L 
V^. rft(4SS»R£Odr-r^v-^^ LTC0^S^S<i- 

[0 0 7 6] #*5, ±|BLfcJ:5&*{b^ = = !?^* 
»RJiJc«Tt-lttWi-5*±a»^b»*J»RSra» t^c 
«dt^»{b»*Rt LTtJiVV ^(DWf^s EftSRti 
*±«K{b»*»R©±(-*fi!cSft5. Si> » 

li, Kft^ = = !>A*»Ri:*±S»<t**»R^^ 

k 1* # v o g&{b ^ 3 =. i> ^ * mm <om * t ^ 

CCfcSc rC0fflJifr^tCjoV^-C, WWRtlU^-fftt 

[0 0 7 7] ro*±«tt>fbft*»R(±. Y, La, C 
e, Pr, Nd, Sm, Eu, Gd, Tb, Dy, H 
o, Er, Tm, Y b *3 J: L u (D'>ft < t 1 ® * # 
IC % Ce, Pr, Nd N Gd, Tb, Dy, HoioXXI 
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[0 0 7 8] r©J:5 4*±ailYb**Wiltt* WS± 

\zB.m&&+zm&\zft&m<Dmmfo\z*b-r (l l 
i) Eiej**i-*^ (ooi) Erpi<DiS<b^=i=»>A 

5R»BEO±(c»«i-5 r t \z £ *) . (001) Efp]^ 
±JBBWk***Bl36S»bJxa. IHbWMteLTJiBL 

fc£^bv^=a~T£/8l^ t * fctt* C - V#tt(C fc 

BMb^«£**»K±i-*±Si 
»«*r«Jii-ari:«cJ:»), 

mtmmztix^z>m&. HMb^=- ******* 

»£\ S««^fe*±JB»{b«*»BtflOi-d^tr, 1Mb 

SkBMK:*******^ Z r 

J: 9, »{b^ = ^^in*»iKi:*±**<b»**IKi: 
<oB©»f©$^7-f y h^h£ < ft5>K *>*v^i# 
«ELft<fcD, *±a»{b**»H;S:K»»tt^^^ 

W\ ^b^=^^^^^»l^t-^Di-S^±^7c^i:l^ 
[0 0 7 9] ttfb^ = = !?A*»ilJI*3j:T0 t *±S»Yb 

v\, #];U^ wtib^icc a ^>Mg ft 4for/v* y ± 
«tg**:K— tr^-t-si* wotr^*— a^s«4>u 
y— ^*r»«ii-sr ti5T?#s. *fc, ai^u^s i 

n, Fe, Co. N i ft if 0»#A*7C*I4, 181*1^*5 

[0 0 8 0] ft:fc\ *«WcoaJ■*Bl^*3V^-c, Si^S 
(«*.tf5nm fi&WT) BMbSit* Si02ftif<D»*5»* 

»««©«iifdssi*jBftafi<osa*ffijwa:tk-r54B'& 
»«»rt#«!iSi»«*a^siiwb*Ji^»«i-*»*3fts 

[0 0 8 1 ] ±|E»l*J«kU 5 JB20^tr^^f5/ir^Bl3a i 
fc*SIMb»«K*T*fiJi* LT\ JErO±(c«fiK*ixS 

hM^D^*^ K PbTiO 



3 , PZT\ PLZT\ ^(D^Pb^P^*^ h 
*0>$itt-<n h ; Jltt^u:/*;*?^ h (Kj N 

i F< fflfc^tf) *r*trii^o^*>r K #J;itfB 
i *^B^*>f hftif ; (Sr, Ba) Nbz Oe , 
(Pb, Ba) Nb2 Oe %$<D# >^f^y-^x2 i/XQ 
»fb*ttifT*>?K MF I S«ig<£>3£R®# 

(F) &mf$.-rZ>h<DX'$>Z>o ±fB 2 /IflljgO 

BiimiiSm Y B a 2 Cua O7-8 ( Y B C 

o) mvmmmoiKm&w&m* Lai., s 

rxCoOa.Lai-x SrxCa*RuC>3 flEOBMb 
ttWK* I nz O3 , I n 2 O3 (Sn K— ^) , * 
<0ffiHMbft*«R* P t , Si, Ge, G a A s $$<D* 

[oo8 2] ^m(oim^^^mmm<omimmm 

CDMF I SWifi^^^/^-ttRWfr-^^^-lftlt*- 

*»«c©MFMI s*3ftolft»#ic:»3i'e*>So MF I 

S«3ST?tt, £?£L<liSi (10 0) ffl± 

iJ|ftv^L0JI*iftoit{b**K«:Rrt. rc^Jitc 

[0 0 8 3] MFM I SmigTI*. #£U<I2S 

i (100) B±ic % &$Lis<\z2mmik<Dm£yonm 
*&mm (i) tLTtfttt, ^ic^t^e^v 

[0 0 8 4] AKttttWRtt. 3*««tt»BMi 

Si (10 0) ffi«BWt5Si#»4 
mm±\Z % «x.tf , Pt, Ir, Os, Re, Pd, R 
h^<tTJ!Ru^bil^tl^^^9*>^ / >ft< irfc 1« 
m-em&Ztis XIRftffitsPff^jE** (0 0 1) 
lifi:** (10 0) ^— iajPjbfc^tf^^^ir/HBtSr* 

[0085] mmn«n. &mtw*^^K awt* 

[0 0 8 6] &Jim@»J^ti> Pt, I r , O s , R 
e, Pd v Rh*SitJ { Ru©W< it l««r$ 3 fiTi"5 

Lro««tt»{b»!Bt(±, ^T^*II4Kfb^irt 

[0 0 8 7] N a C 1 S^<bfe : T i O , VO. NbO, RO 

i-x ( ::t\ r : -mmsk±(o^±m (sc&zm & 

*tr) , 0 < 1). LiVOz^o 
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[0 0 8 8]'* ■ LiTijCh , LiMxT U-x 

0«( M=Li.Al.Cr. 0 <x <2). Lii-x MxTi204 

(-t, M=Hg, Mn. 0 <x <1). UV2O1 . Fe3 04 

[0 0 8 9] -<p^*^ ■ ReOa, WOs. Mx 

Re0 3 ( h *ft. 0 <x <o.5). MxW03(rr-e, 

Ih&JR. 0 <x <0.5). A2PbW32 0»2 (CiT% A=K, Rb. 
Tl). NaxTayWi-y O3 ( ZZX\ 0 Sx < 1 . 0<y < D . 

RNb03(rr-e. R : -mm&±<»*±& (Srfaitff * 

*tf) ) . Na.-, SrxNbOa (;:"C» 0 Sx SD, RTi03 ( 

tp) ). Can.i TinO^i-y (::t, n=2.3 y >0). 

CaVOs . SrVOs . Ri-x SrxVOs ( R : -«SB«-h 

05*±^ (SciSiOT t:*tr) JSxiD, Ri-x Bax 
VOs(irT. R : -«gE*±«>#±gi (ScSSiOT 
tr) JSxSI). Srn.i V nOs^i-y ( rr-e. n=1.2. 

3 y >0). Ban*l Vn03ml-y ( w w "C% 11=1,2.3 

y >0) ,R4BaCu50i3- y ( I-t, R : — »«4U-t 

<D*r±S (SciS^tfY *r*tf) .OSy), RsSrCue 0 
r : -«SU2U:©*±Si (Sc*JJ:t« 

if) ). foster.* ( ::-c, r : -«MU:«>*±« 

(Sc*3.£OT **tf) ). R>-« SrxV03(r^-e. R : -a 
mSX±.<0^±m (ScdSitW Sr"£tr) ). CaCrOs . SrCrO 
3. RMn0 3 ( wi-e, R : -«MLt»*±« (Sc^-fctf 
y'fr^tf) ). Ri-x SrxMn03( ^^t. R : -SSEUKO 
(Sc*3iTH Sr^tf) .OSxSl), Ri-x BaxMn 

03 ( r :-mmu±<o^±m (scfcitw 

is) ,0<xSl) , Cai-x RxMn03- y rt*, R : — « 
mSl'±<0*±® (Sc^iOT tr*tf) JSxSU 
Sy) , CaFeCfe , SrFeOs . BaFeOs . SrCoOs , BaCofo . RCoO 

R : -*MSk±.<0*±3* (ScfciOT *r* 
tr) ). R.-x SrxCo0 3 ( ::t. R : -««K±©*±» 
(ScfeitfY Sr-fTtf) JSxSI), Ri-x BaxCoOs ( r 
r-ff. R :-«USA±©#±W (Sc*tt« *r*tr) . 

o si). RNio 3 ( r :-mmy.±<o^±m 
(Scisim fc*tri ). RCuOa( R :-«*» 

±o*±is (Sc^itw i-Stt) ). RNb03( r^t?, 
r ■. -mm^±.(o^±m (sc*i£r/Y s^tr) ). Nb )2 o 

29 . CaRuOs. Cai-x RxRui-y Mny03(--t\ R : -H&W 
_hO*±3g (Sc*5it5Y **tr) . 0 Sx S 1 . 0 Sy 
SI), SrRu03 . Cai-x MgxRuOs (r. OSx S 1 ) . 

Cai-x SrxRu03( 0 <« <»■ B* Ru ° 3 ■ Cai- xBax 

Ru03( r:t?, 0 <x <1 ). (Ba. Sr)Ru03. Bai-« KxRu 

03 ( o<xSi). (R. Na)Ru0 3 ( R: 

-mmsx±<D^±m (sc&xth t*tr) ),(r. M)Rho 3 

R :-«MJl±»*±* (SciSilff *r* 
tf) . M=Ca. Sr. Ba) . Srlr03 . BaPbOs . (Ba.Sr)Pb03- y 
( ww-C?, 0 Sy <1). BaPbi-x BixOa (r. wf. 0 <x 
SI). Bai-, KxBi03(cr-C. 0 <x SI). Sr(Pb. Sb)0 
3- y ( rrt?, 0 Sy <1). Sr(Pb. Bi)03-y ( w^T*. 0 
Sy <1). Ba(Pb. Sb)03- y ( 0 Sy <1). Ba 



(Pb. Bi)03-y ( 0 Sy <D. MMo(h(irT% M= 

Ca.Sr. Ba). (Ba. Ca. Sr)Ti(h-x 0 Sx). 

[0 0 9 0] Jftt-<B^*-f bSMMfc* (K2NiF4^4r 
fttr) : R»i Ninths i( ::t, R :Ba. Sr. 

(Sc*5<fctfY fc*tf) <0?-h-mm&-±. n=l~5(D 
figc) ,R».i Cu„03«i (::t, R : Ba. Sr. «riJB (Sc 
&£XM *-STtf) ©5*>— ««£Ui. n = l~5©S 
$C) . SnRuOi , SnRh04 . Ba2Ru04 . Ba2Rh04 . *S. 
[00 9 1] /^b^b TlSIHbft : RzV 2 07-y ( r w 
-C% R : -WB«±©*±!K (Sc*5<fcT/Y tr«tf) . 0 
Sy <D. Tl2Mn 2 07- y ( 0 Sy <1). R2M02O 

7- y (::t, R :-S«tt±«>*±« (Sc*JJ:t« Sr^ 
tf) . 0 Sy <1). R2Ru20?- y R :T1. Pb. B 

i. *±« (sc^iOT *-&tf) ©5*>-«®y-±. 0 

Sy<l). Bi2-x PbxPt2-x RuxOr-y (^-"^^ 0 Sx S2. 
OSy <D. Pb2(Ru. Pb)07- y (ww-C% 0 Sy <1). R2R 
h2 07- y R : Tl. Pb. Bi. Cd. *±« (Sc*3i 

tj«y fc^tr) ©5*— «BI»-t. <1 >- R zPd2 ° 

7_y ( ;;f, R :Tl,Pb. Bi. Cd. *±« (Sc*5iT/Y 
^tf) ©5t.-WB»±. 0 Sy <l).R2Re207- y ( i 

R :T1. Pb. Bi. Cd. (Scfcitn 
tf) 0)5*>-aSW±. OSy <1). R20s207-y (r r 
■C, R :T1, Pb. Bi. Cd. %i±m (Sc*5«tOT tr^tf) 

C5t>-li»l, OSy <i). R2ir207-y (::t% 

R :T1. Pb. Bi. Cd. ^±m (Sc»±tff «r*tr) 

OSy <1). R2Pt2 07- y (::t. R :T 

1. Pb, Bi. Cd. (ScfciTJY trfttf) ro^^- 
«5SEA±.0Sy <1)«. 

[0 0 9 2] %<M«L(DmkV0 : R4Res 0i9 (^^7?^ R : 

-«b«±©*±« (Sc*5«tm *«w ), R«Rueo 
wur-e, R :-a»EA±«>*±« (Sc*it« 

tf) ), BisRusOii , V2O3. Ti203. Rh2 03. VO2. C1-O2. N 
b02 . M0O2 . W02 . Re02 , Ru02 . Rh02 . OsCh .IrO2.Pt 

02. Pd02. VsOs. Vn02»-i (n=4 *»fc9 Oft*). SnO 
2-x (Cw"C, 0 Sx <1). La2Mo207. (M. Mo)0( :^ 
t?, M=Na, K, Rb. Tl) . Mon03n-i (n=4. 8. 9. 10). Mo 
,7 047 , Pd.-x Lix0(crT% x SO. 1)35. I nfc^tffi* 

[0 0 9 3] rh6<D5%#t; I n«r4tfBMK»*fe 

03,In2 03 (Sn K-7-) . RC0O3 , RMn 
Oj, RN1O3 , R2 Cu04 , (R. Sr) C0O3 
(R, Sr, Ca) RuOs , (R. Sr) Ru03 
SrRuOs , (R, Sr) MnOi (Rtt, Y*3 

ttj<sc**tr#±» , teztttihoimmt-sw 
<Ditm.m^ o- s ~i 0- 2 QcBt$)5wi* ! »* tv\ 

titzMmt LX<Dit&tKtel 0- 5 ~l O- 2 Qcm-CfcSr 
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[0094] z.tib<Dmm&=-x&*is*frwm\*. « 

tt, 4** (10 0) , jE#ft (0 0 1) , (0 

oi) (ooi) Baip)^>iB*3ft s »*L<, 

[0 0 9 5] »«tt^f^^*>-v^Bl©Bt«tt^^»-i: 
<?.fttt$* s * ttffEO £ *3 9 5-5 0 Onm, #£L<(25 
0-1 5 Oninfi£as#*Ll\, * 

5 0— 5 0 OraSa©fc©J&S#£LV\ 
[0 0 9 6] V^n^*frfcJBl*5±t5*2«>3itr^^ 

[0 0 9 7] *36MO«^/M ^fflSStt, fc± 
BBI»»K**i-**B5«l**. 00*1*1 0cm 2 ^±<E> 

HttWicttv^, *RT?M:2-f yf-8^>fos i ^ 
[oo9 8] km. **wo»{b*»Bi^»ric*»(-o 

[0 0 9 9] 4*5. *«W<Z)»tiK*«feS:jt*-*-S*c:fcfc 
[0 10 0] ifglKt KSWl a«r*-U -OX 

ffl«lart(cri, T«Hwi|i«»««2fc«#***n'^ 

[0101] ffi*KB 1 it, *fc. Hfbtt*^*«K« 

^««P8ii, ±E*^3<oiB:cT*«-iB«snrv^ 



fcT^fcli* Ba3K»»9, Til8*»l 0. Z r 1 
l*3j:t5*±a&JRS:ili (S c *5j:tfY«r£tf) 
1 2j&sEBS*LTV*5. wixfe<7?Ba3K*»9, TilK36» 
10, Z rJK*m l*3j:t**±«&«5G* (ScJSi; 

*/i**i&££b (m^*a^^^s. s^d^b^) a* 

T*<fo£o 

[0102] *asw«>a«»Bt©«fiK*js«c*3v^Tn, 

LTW\ S i ©*3B*«** s fflv^fe 
(10 0) His»RSix5. «*E*ffi±lw«**ix5« 

[0 10 3] :wlffi_hl:, *HBISA* s -rT(c»K¥ 7 
-9 3 0 24ft LT»*Lfe*tt"CZr(hSr*rit»i:-r 

[0 10 4] *SSWoHMb«WR^««*SSfe*-*3V^T 

^"Tf*5o WT, *1\ »fb**Ko*|fi*85l£O^T 

[0105] rr-en, mmnrntx^xz r o 2 » 

R, iBlRlffR£: LTB a T i Oa WRtWtci: *)RMt 

So 

[0106] mt¥on«<oj&j&%mz*2^x 

jy M"£o fltiWbSJifcS i 
ZrOz fc^fiE»t^5fi#*^tf^#^ir^ll)l4rdt« 

[0 10 7] »R*»a s »»fbSftfcS 1*18* 

S=E^^1f + lwEBU «4btt#**WALooao«i 
LT, S i «tSAS««iEi:, S i S^M^Mt 

No 2 wfflv^rima. Mft^ntsiig 
*rHEM, ±es iiMbttJi© 

JiWi, 0. 2-1 0nmS«4:1-5widSff*Lv^ 
0. 2na*J»"CttS i *ffi©«tti55F^-C«>Sd»e>-C 

[ 0 1 0 8] ±tZ(Dl)m&, 3 0 0-7 0 0t<Ofift 
tc, o-i 0»Stt«»U-cfT5. wOt#, #r^iIS 
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14, 3 0-7 0t/»gIi:« o a*WK"«ffc?K 

s i iMbBt«>»*^+»^tt 

[0 10 9] »flStt#*tf>»Att. «x.tf»fttt^^t 
LT«**rfliv>ai§£\ *£«Frt4rS«Ul x 1 0- 7 -1 
XI O^TorrSflE^JIffl^L, &*btt#*^«A(C J; 

u,/>4<itsi *jefta«<oiSff 

|£^1X10- 4 Torr«&^± £ ft 5 J: 5 tcf £ - i 
141 X 1 0- 1 forrS«-C*)536 s . aft*TiP3&LT«!« 

[oiio] -bExaa, n&*-eDm-rz>o s i^ra 

Jte#ftv\, 

[0111] ADfRmftd, 600-1200 "C, Wd 7 

T*fc£ t , Si *ttft««*BJ-«3fi-T* 1 x l 
»feftftV\ 1 2 0 Ot^gxS S i 

[0 112] r^^^ft^^ffVNft^ib, ZrtiMfc 

t£«BLrt:S iXB&MStdZ r t»**fcttZ r t 

<D»*»JE(4, 1 X 1 O* 4 Torr£l± 1 X 1 O* 1 Torres 
£IT t ft 6 J: 5 t--f£ - i Li \ 

[0 113] »ffi«i6tt, RHEEDl:J:5*o/^- 

l x l o8c®«i££>»£\ i^HAW^f^^ [110] 
"CH2<Z> (a) K^Lfc*5ftl«H#Cl!0*±ft* 

h y — ^^-^fts, xttiJffa* [i-io] tcur 

t±<I^U>^ — ^<tft£o — *\ S i 

f4 s tzk*-& (10 0) m<om^l x 2, 2X1, 

14, 1 x 2 t 2 x iasftffiLT^5*ffi**2:45, r 

C0£ 5 ft Id 14, RHEEDt^/^-y»l 

cOA&Wfa [110] 4fc(4 [1-10] OV*i"iX3&\ * 

fc(tw^-eia2<o (b) tr^L5t<t5ft, ifs«fflci 

£21»»fflC2*#o>'** — vldftfc. *HSOlxi 
0*ffi*jS(-*5t^Ttt, ±ERHEED^^-yT^ 
X, Att^fft^ [110] *3*tf [1-10] Bl 
20 (b) (0 2ffiF«fflC2dSfte>lxftl^. 
[0114]l/:Si (10 0) »i*«ffil4, 1 X 1« 

tifcj&K 1 x l «r^t*^l»Tfc9, gcJ£ldS» 

tt<fc < i x i * s i »»ffi-e»s d t (4, att-eii^F rT 



[0115] ix2. 2xi, ixn>fno»Stos 

[0 116] Z r^fcliZ r*3it5*±«A«Oflt«« 
14, *tf>IMiSftjjl£"C* 0. 3-lOnic, ^(-3-7niD 
0. 3nm5fcri-et4, S i SMMftOSKc 
oai^+^l^ffi-r^f, 1 0nm£j@X-5<h^®ldJjjl 
^u^/WD[H]iM^£LB< ft 9, *ffiOiBft<z>EM 
(4, Dfldbld* 9, 1 x i«3Bl?tt< 45- tfrtbhtzft 

1 Onmt LfcSatt, 1 0nm£:j©;i5 £ , ±IE<Z> 
[0 117] LtB«S:fflV^»^«:, 2 

- 5 o cc/#e*flwe-r * - 1 * i* v ^ mmmmmi 

(4, KS*o*:*S; 3K^^»«iS*-tofih<7>BH"e 
[0 118] W±<E>S i £«#ffi«ia*rtT53*rt:* a 
[0 119] jeftSffi^ftK^B^fettS^fllattt, 

rai*^=¥— ©J: »3<&v^^ft^tcft5 9 k-t&frb 

i"5. S^Ji-JttJc^BOjHtS^WifiSrJKfiR-fS. 
^O*ffi«a<0*l|ar^<^ h/K£>*;£ a , bir-r^i: 
ma, n b^ftSOtttt^Wa^Cfca^riX 
femXniiStiA *i«kS*lfcSi (100) 
ffill, 1 X2*yti42x i«jg. Si (111) $® 
(4, 7 x 7 ££14 2 x 8ffim<D*:Ztem&* yS/aSrt 

oa*tft««3ai:ft5. twMkSJxfcs 

[0120] SiIS-hl:K<M^t^^'>i/^ 
n (4 ft e> ft v ^{b^ 3i tr ^ + ^Rtsa (cjoV^T, 

jgm x i«5ti:ft5<o-e, mtm-b^t*^*?)^ 
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ftS^5fci!)Olfi©*BiStts 1X2, 2X1, 7 
X 7£*:(12 X 8 y>*fctoi)| 
ttfflflKSttff * b < ft < , Kffift 1 x l UKtj&s&K-cfc 

[0121] zkic £JL±©J: 5^, mm^m^intiS 

i l«Sfl*E*:JflV v rZ r02 ^5^—12 ft 

[0 12 2] Z<DZ r O2 t "i-fc^-Efa^ fcT 

HZr02 ©»AflS<0fc«>lC4 0 O t C^±^M^L<. 

[0 12 3] Rl^-e, Z r tm-T-l^— A»T?JHH»Ui!K3B 

»fc"J-6*BI*:»jaW-«. #*b<l*0. 
0 1nm/s^±, ±*)#*b<HO. 0 3nm/sW±, £b 
tC$?3:b< (10. 0 5nm/sW±T-*)"9, b < 

f2l. OOnm/s^lT, J: b< {10. 5 Onm/sW 

T\ £bl-#£b<(10. 1 Onm/sWTTfe5o J&mm 

[0 12 4] z<Dtcib, z r 02 *R©i!S<Fli:$te:SE*>, 

< 0 -htaiMbtttf** b-cn, mm, js^f-jr* 

§{§, NO2 ^tJHi^S -5. rr-Cfl, 

/We* 9, 2-50cc/£\ #;i:b<ll5-2 5cc/# 
*S4St£jfi«i- 10- 3 -10-' TonrS««>»*»H* 

«Mk«r#«>T*3< 0 r rt?K*^f^JEO±RSr 1 O- 1 To 
rrirbfcoii, raXSWrti-fcSJRJBR*©****:* 



if<Z>gB#lll O" 4 — 1 O- 6 Torr GMSl^EAMfcoTV* 

[0125] ^/c^sss^icm 2 g*0>«v*«*-o 

II, zo*a"C*tt**tE±-CIMtS**r(Eil-r*wi: 
as-Cftsas, S«®ffl^l 0cm 2 £JLb, fc£x.ttiEffi2 

4^T*fo5o roafi©IaHE»o±l»tt#(CJ!tv>ds, aft 
ttKffliK«<o*fl| Ji 1 2 Orpm Hff 
[0 12 6] £ ^OZrOz«r=ferit»i:i-S^tr^^ 

(ISrTiOs ^£ fc. (IBaTiOs 0®*g#BS&7&5Jc b , « 
»»K*#*#ftSrKW1-*. r£TttBaTi03*r«Hw* 
OtftPJ-r^o *ft**KoaBl»s^Tbfc±IB<0|S»S 

WAbooHURbttttS. 
[0 12 7] BaSr^^-A^-CiDSRbSRJg* 

5. ra#^Titra«**«feT««b, -t<0tt»S*M:Ba:T 
±=1:1 l£*<5J;5U:U BaTi(b^tf**$'*/l'*Bi&fl' 

Ba/Ti flM&fcJfcH* BaTi03l«<DlBrplttJ-»»S:2Sitf 
U BaTiOa^ tT* * *>ir^ttfi©ffi*ffiBlff a s BaTi03 (0 
01)//Zn-x Rx0 2 - 6 (001)// Si(lOO) , a»oBaTi0 3 [10 
0]//Zn-x RxOa- 6 [100]//Si[010]-C**-T5fc«>(C. 
tt, BaTiOsdcBtfttCfcttSiDjftaattSOO -1300*0, & 
*b< 11900 —1200^3653* b^ 0 
t II 0 — 1 nmlKff 0>$£Hrt-C*>5. 
[0128] rtftSlMO Ba/Ti «»Sftittt, *^tfc 
•CO— 1, »*b<!40 — 0. 8fci-Swt^M*b 

v\ rr-CB a/T i its&so t bfcs*tt, 

T i 0^«r«»b-CfcJ:V^i:*:^i-. *n 

& ^ i: S Jx 5 BaTi03 (1 @ W t 6 (001) IEIp] "X?* 
< (110) iaiftJCft5*\ 4/t(i(001) ia^BaTiOaSJ^iCl 
(110) iBfil3& s afibTb*5o «I»<OB a/T i *fcd** 

«*&*ttfcBadST*^>2 r O2 fcKJC 
b, g&tJ^iar^^^-r^B a T i O3 36S»biX3i<tto 
T<^ 0 BatZrOz OKlCSraBtt 5 fefctd, J«*«] 

ta«Wiffistt»b«BH*3& s fiT-r5. du«j««tt. 

0. 05-1. 0 Onm/Ss b< (10. 100-0. 
SOOnm/sfc-TSr fc#H*bl*. ili-gf 
A«oSS*«*s*AbfcKiB(-J:f3K<b*nrlS 
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AIM hAJRiBINf f&fliaMWEi-***, «BH©« 
8, * y^fy/o yXfO-0. 5 i * 5 «fc 5 Ki" 
[0 12 9] ilSKfttt^tLTtt, ftX* t/y, 

m+wmm. no 2 wtiv^^t^-ets. -wt? 

fcftfcyXVWilJ: !K 2 — 5 0cc/5h »*L<tt5- 
2 5cc/»<o**^SriBiKW(-*l*S*, JESWrto 
'>*< tt#8««i5tH!:i 0-3-1 0->Ton««0 

*»U«>aaj!caLfl:S:*«)"C*5<. r^t^i^li^l 
1 0- 1 Torrt L/cOte. IMCffiWrtl-feStK*** 
<7)&JSi^£#<b£^£r 3&>o^(OJR*jS«S:— 

^1f^>fii A/^©8»lil O" 4 — 1 0- 6 Torr<D<&\^i£;*J 

[oi3o] *timfe£km&<nicm z 

*ST#S*S, 3&RE8W S 1 0cm 2 fetx.tfiE»2 

S«OlHllE»tt, 1 Orpm £X±XhZ>Zk&m& 
liS^i^iWli 2 Orpm ISTfc^c r^ipi: 
[0131] «^*»<D»»MftWLfc*^ 

«l*«r*ffia"C»5<Z)(^ffa-efe5o S?)i:#*S«:M 
BE3£««:fli^"tfc, 4<l?l»:ir@6i)*R*r»5: 



[0 13 2] £fefc*©±i;i&JREfp]R* BaTiOaW^O 
[0 13 3] *:fe\ rixb<DElRl«J»rt«, i&SKJSC 

:ir^?) 0 r~— /uiweii* #£L<i*400-8 

5 0^ <fc f?»*t< (14 5 0-8 0 O'C-Cfo'K T~ 
-/uB#IBtt, #*L<lil»BO-3 0#M, <fc9#£L 
< 115-1 5»Pfl"C*>5. ft*3, »MfcftE(R]«0>±fctt 

[0 13 4] £JL±^^5t-br»fe*Lft:aJllft{b»j»K 

1 O2 ftft*i-Sr tia^DRAMffi^^yfyf^ 

xs i •? so i fs^xt vxtsm 

3taen«, *^^^oe i c^snats-h, 

So ^tSQUID, i^g-fe^y^Si-T-, glibly 
v?*£\ ««*-fev^*5J:t5iB«*Ej|»LS 1 (cffiffl-r 

[0135] 

[HSS0J] EAT* **W<D*tt»3llSMfc^U 
[0136] 3lffi#J 1 

(10 0) ffitft5J:5J-«JWr, ^SflFlgLfcS i 
£ r> j./n- £JB v ^„ ^®St® tint 4 0%7 y ^bT 

[0 13 7] K^»rtl-KBSixfcIsI<g*3J:t^3tJDjfi«lll 

2 5cc/^SJ^SALoo, 6 0 0 < CtcTAP^L 
ixSo ro*»T«S«lniDWS iKftftK4r»fiRL 

[0138] si/^ *<d'&^ mm* 9 o o^cuianRRL 

Ie]^5^:fc 0 !eHE»[ti2 Orpm t Lfc e rcot#, yX 
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yv^foBHR^f^S: 2 5cc/#OgiJ'&Ta»AU StS±t- 
A«Zr*r**«^63IB8**Swi»Cj:9. Z r 
IWfc*OR*|cmj| IT 5 nmffrft U 1M <0«®*$3§ 

D^i LfcBB 4:813^1-. 
[0 13 9] H3-ef*AttiTfS] [110] T*S"J3£bfct 

fc 0 i-ito*>, S?JE4 1 x i oiEMti££ Lfc s i m& 

[0 14 0] i ^®^3lSt5±tC, 

^8 9 0 0^ \B\m$L&2 Orpm . ;X;^bSl^f^ 

^vibtti^-r^r^tci: 19, IflOnniWZrOa R£r, 

[0 14 1] »fettfc»BHc:ov^"CjH3eLfcXi»<7>3B* 
&m 4 1-^-^0 H4lCtiZr02 05 (0 0 2) fcT— * ^ 

t>n* v M£— Efttt<aK«fttt<c>R-t?S> 5 

0. 7 0 immm xhv, mfamc&tizzthmm 

[0 14 2] $ibt-s H5lcr©*KORHEED^ 

— v*i5%i- 0 w?l*0>A*t*iftrt:s igtE<£> [110] 

#XhZ>s<* — >X$>2> 0 Z<Dft±\ZX h V — ?xhz> 
s<# — l'\±, ZrOz J&Sttitt, ^ffittttlflEixSfctfVC 
fcSr^S^ttOTfcS, YSZRfcoVvffc^ 

rOz Rtt« YS Zt;i< ^5f&OffiJ£fct£r^U tfift 
ttlCffi*L5r tiSJpJWLfco tt, WbitfcZrffeRlCo 

i^c, *ffi0>iai3c±frfwfc>fcoT 1 o«Bf, J 1 s b 

0 6 1 Oil* R 2 (S3Sg£L:5 00 

nm) ^rAFMlCj: «9S"j3£L7ti:r 5, ¥«n?0. 7 On 
nu **T0. 9 5nnu ft/h"C0. 1 Onm, S'JSffi^f^ 

9 0%-CO. 80mn^T^, ^i/^t¥fiTfco 

tz 0 

[0 14 3] r©J:5(cur»6>ixfcZr02K365»tiK*^ 
tSi*ieftSSi:il*iSiL"C, rtib^lflffi 
±IC Sffi?aS9 OOt, leHE*tt2 Orpm , yX;^ 

9, RJ?3 0 OnmCOBaTiOs RSr, B(HE3SS#aiR±^# 
tz 0 J&m®M\zte, T i <£>^£T i Oz 
5nn«*&Lfca, MBaiMTi^rl : lKLTflfc 
if&U B a T i O3 tDj&Rig&3:0.05nm/ s <£: L"C 2 nm 



U- /wo 

[0144] Zr02R±fc»fcixfcB a T i Oa WRlM 
l^T«SLfcXj»<7>tt*SrBI 6 tCl7jW- 0 El 6 icttBaTiOs 

(0 0 1) *5J:lM0 0 2) tf— *a^HI*fc»*3*iT 
BaTiOs(DttA«iai. »«;tt*KRLfc*tt«cHi< 
EftLfc(OOl) J»4*iS»bi^TV^-5wt36S*^36»5• i 

tiMBtt* l .4° (HiPJffi) "CfcfJElPltt^ffnSwtt 
»R-0#fc. ±BtH«l:lt»SlfcBaTi 

o 3 »Rzit m^vtz±mmxo. 4 s^tt* 

[0 14 5] £ H7Jcr©JHi©RHEED^^ 
-vSr^-fo «^*G>A#*lPjtt:S [110] 

— BaTiOa *Btt^«JxS fcOT?*) 

5li:^n^fe5o ZrOz RtCfU^tK YS 
ZR*5<tO ; YOMCO^±Dg^M7Ci^ (Sc«r£tf) iCt 
^tt^fcZrOz R±tCt^<|^i:j;5l-BaT 

1 Oa Ras»fe*i;fc. 

[0 14 6] H8fc, r (D^^CO^oiT EM^S^/T 
-To HJcttTd^fe S i miR. S i OzM. ZrOz fl. 
BaTiOa ROJlT*^/&£ tlX%> 9 , S-ISfltMF-aHR 
fg-C#£ e S i O2 mXlT^frVT *R"C*>0* ZrO 

2 R, BaTiOa «*Jgfi£* <fc 9 JfM 
£Hfc£&;fr*l5 0 :^I^f>, BaTiOa ^Zr 

02 ±t^iE«j*<K»3:t , ^^*>-lr^**UTV^SZ 

3 : 4-e*&fI^$tiTV^:i:^j;<^ 0 
SiSS, »-fk*»R-C*>SZr02S:*filc»i:"t-SSIR, *5 
it^ErSlSR-CfeSBaTiO a WROttfiffi^BBW 
t>hmJj$Lm&) TEMt, Xi»lHlSf*5J:t/RHEED 
*>P>BaTi03(001)//Zn-« RxCh- 6 (001) //Si (100), 
BaTiOa [100] //Zr i-x Rx02-6 [I00]//Si[010]t?»fiKStb 
X V > 5 r dSlkB * ^ -5 o W X*m h nfcBaTiOa R 
tt, Sia«±tf^tf^^^^^fiiSUfc(001)BaTi03 * 

T i Oa ^Jlt^B a T i Oa t S r T i Os 0>Hj8f*l- 

[0 14 7] WfeiXfcB a T i O3 ^^V^fcffi^ 

3^Rtcov^r s ltK«*S:»ISLfcir5, 1000 

iSSICAl«ISS:«ftU C-V^4rSy^Lfc^r 
H 9 C/T Lfc J: 5 4 1 ^7 9 i/^i s ftbn, 
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4 > K#»fc*lfcr t fcfcS. 
[0 14 8] atfetcnoWttSrfiJfflU, ilSII^FE 

WBtfc. 
[0149] Xtt0J 2 

±Bjtl6«lt:*5^"C* BaTiO30>KJ¥£5 Onmt U * 
fc-t^±lCiRffd5 3 0 OiudT, Jftrit3& s Sro.25 Bao.75 NbaO 

6 osbn jwRSr^y^y^^i^atsiaftsoot: 

T*?g$U SBN(001)/BaTi03 (001)/Zr02 (001) /Si (100)*) 

SrBI l 0 lc^-r o c®t:£5Ktt^* 5 #^*— 
Dlt?*>6r t^fcA^S. RHE EDSrEl 1 1 I:** 

Lfco RH E E h 9 - ^ W4V^, : 

*t6>A*P>* »fc*i*:SBN c ffi»-EfaK-Cft#* 

i:SBNl:ft:b«K ttfiJSPbo.M Bao.62 Nb2 0 3 OTBN ftflt 
SrJBfiKU PBN (001)/BaTi03 (001)/Zr€2(001)/Si(100) 
0)SMl«K*#fc. PBNOi*, S««aatt6 5 0*C 
i:325£LT/£;JKL*:o #ib^^fc*Bi^cov^Ta'J^LfcX 
»G>*6*«:EI 1 2 Id^-To PBN^SBNi PHSC c ffi 
Elft-e«>5wi:36St>3&»5. ft*3, SBNiI$:9 0 
Ot;©£tRM^«J*Lfcfc©i:oVvr«\ RHEED 
»ISi:TEM»fl5t36*b, c Kl"]"Ca»o S i S4E 

i ©«fl*l#(fcBfl«3& s SBM [100] //Si [010] T'foSli:^ 
fc>35»ofc. 
[0150] HJfe^J 3 
H;&£#lJ 2 t mfflz. UXPZT(001)/BaTi03 (001)/Zr0 2 (001) 
/Si(100)<D«JifWK«:»fc. BaTiQsOBtfffcS Onmi: 
U £fcPZT <Dmm*3 0 0nm£ Lfco PZTtt, 

vfi) 9S«taass"t?jBdc«, 700 

[0 15 1] -?:CD*j^^oV>T^J^L/c:X^cD^^ilI 
RfiKTfc3wfcasfc>*»So Hl4i:C-V»tt 

<D«H*fc«lffiU b 9^** (FET)' 

^y-hS^tLTl^ (MF I StiSig) SrflsSU 

[0152] mmm 4 

glifet&J 2 t R«l: LTPt(001)/BaTi03 (001)/Zr02 (001)/ 
Si(100) <D9L!§nB&ft*-o BaTi03CD^J?$r 1 0 Onmt 
U tf:P t <Dm&% 1 0 Onmt Ltz 0 P t 13, &*i: 
.J: 7 0 OtT«lt 

[0 15 3] *<oaWi»W--3V^r«)WrBTEM«S: 
IDl 5C, 4fc, J»«^oV^TSBHeLfcXiB<o»*«:SI 
I6l:**1\ RHEED^HJl 7t:^Lfc 0 w*L 

aqtbh/TV^^^^So Pt (:«;*> 9* Ir. o 
s. Re, Pd, Rh, Ruj3j;t;Wf)^i (Pt 



[0154] 5 

m&M 4 <DPtC9±i:JEl:BaTi03 ^300 nmMf& Ut, & 
i&BaTiOa (001)/Pt(001)/BaTi03 (001)/Zr02 (001) /Si (10 

0) <Dmmnm*mz 0 :w»s<7)rheed, xm® 

HI 9^^8 2 01:^1^. Xi»ls]Sr*»bB a T i O 
3 KttcB*-EfilBl-C*)5ri:A5«B-C#, £/cRH 
EEDHS i»StO«*ttll«H:, BaTi0 3 [100]//S 
i[0\0]X~&>Z>Z t&frfrZo ±IB* H«li:LTSJ 

gURztt, »J3£U*:±«0f-T?O. 50niDaTT*fco 
fCo D-Et^fD^tt, BaT i 03 Ig_ki:P tl 
tt*3K#U r^mffii: B a T i 03 RcOTJfc^P t 

(0 0 1) ««:««*: LT, y—¥*!7-[H]3g£:^T 
JHSLfc. D-E t^-r D isxm&tm# 

4««Srfflv^, >fy^^rt7^fia9i00 
kHz TJBOJeUfctr^, lOOOtfcot £kl::<£> 
D-Efc*^y ^Srf'JfflU FET^iitlCSiSS 
±i:>*-y— fe/wSrflsJJU * ^ y — MflsSrttWL*:. 

[0155] Ulife^J 6 
Hffi^J 4 <DPt<Z>±l:Hl:SBN , PBN (^J6#J 2 tmz) 
Sr30 0nm<7D»S«:»dtLT. *ftdcSBN(001)/Pt(001)/B 
aTiOs (001)/Zr0 2 (001)/Si(100)tf)ffiJI«]^:fc£tFPBN (0 

01) /Pt(001)/BaTi0 3 (001)/Zr02 (001) /Si (100) 0>«JB* 

fcrtiU SBN, PBN*!*H#WX«?fiS*i 
*r*v€ix8 0 0*0, 6 5 0ttU JBfifc«, ^^*^*5 
V>T7 5 0tfl OW^-^M^i^^ SBN 
SI^RHEED, Xl*IS*r*5it5D-E y ^ 

4*tti»«r*n-eJxia2 1, 13 2 2*5^8 2 3 1:^1 
fZo PBN»BloXj»lHl»f*:H2 4i:^Lfc 0 X&lDSr 
£ 9 S B N*3.fctf P BNJMJttt c ISfo^-CfcS : 

iiSjD^s. RHEEDd»bS iSS^o*i*tt8Sff 
tt, sbn [ioo] //Si [oio] , pbn [ioo] //Si [oio] -?fc$: 

iT3&S^ofco SBN3&52 0 0, PBNiS 

3ior*$)o/; 0 ^b;::coD-Et^xy 

LFETiiti:s i Kfi_Li:^*»— - fe/v^r^SUU, 

^^■y-ibf^^m^ufco 

[0156] USS^J 7 
Hlfe^J 1 (:*3V^-CBaTi03OBl»S:50nmi: LfcBaTiOs (00 
1)/Zr02 (001)/Si(100)«lfll, ^J60ij4(DPt(OOl)/BaTi 
O 3 (O01)/ZrO2(O01)/Si(100) «JlBI*rfP»b, cnbi 
«i:Lfc 0 fc/fL, 4"Clt ZrOz ^fiSc 

j^ifS^O. 0 6nm/st tfcd s , *HtE«"CttO. 03 
nm/s^LfCo :0^, ZrOz BlO±l2R z tt, ^'JS 

Lfc^liBfTO. 8 0nm£JlT"e«>9, Sl3£«Bf^>8 0% 

[0 15 7] JCffiW*"CS*E*:700 tC»t, 2 Orp 
D) tit, ECR^$W^7^^S 

»^Srl Occ/^OW^-eWAU, StS±CBi203 , 



(21) 



1 10 5 9 2 



T i Ox (x = l. 6 7) ^ttl^tKDm^M^hM^ 
Z&ZZhlZ-Xys ^i¥3 0 Onni<DBi4Ti3 0i2 mt^om 
ZJ&f8.Vti 0 m&Mfrb<7>m&\*. Bi203 : T i OxCO 

Bi4Ti 3 0iz /BaTi03 (001)/Zr0 2 (001)/Si(100). 
Bi4Ti30i2 /Pt(001)/BaTiO 3 (001)/Zr02 (001) /Si (100) <D 

[0 1 5 8] 13 2 51;!, Bi4Ti3 0i2 /Pt(001)/BaTi03 (00 
l)/Zr02 (001)/Si(100)cORHEED — 

m®tfT<D&m*^-fo #btifcBi4Ti 3 oi2 xmmtir 
**t> c®¥— saft^-efeD, RHEED^^^^ 

AUtBiiTisOu [100]//Si[010]T*feSr ijfiSfc>*»3. 
*5, BaTi0 3 (001) K±«£*J*LfcBi4Ti30i2 
fc, X»|sISf*5j:l5RHEEDOjlS*H:lRl«"e*>ofc 0 
[0 15 9] Bi4Ti30i2 (001)/BaTi03 (001)/ZrO 

2 (001)/Si(100)«iS©W**ffiJ-Pt«;«, Si»«(-Aim 
«*»J*U C-V 4*tt*SSLfci:w5, B2 7(C^L 

[0160] 31*600 8 

1 t^*5V^rBaTi03<?5l»ff4:50nmi: LfcBaTiOs (00 
1)/Zr02 (001)/Si(100)«JiBL 3tlfi«4<?!)Ir(001)/BaTi 
0 3 (OOl)/ZrO2(0Ol)/Si(100) «JiR*fl2j8U Ztlb* 
mfct L/Co fc/fU r*Lfc<D*«a>Z r O2 ^JfM 

[0161] K£1f*-T«fe££700 nClwMRU 2 Orp 
m "CEieS-frfco *Lt, ECRS!»f)7^^ 
Hi#;*£-1 Occ/^cofiJ^-e^AL, StSJi(CBi2 03 , 
Sr&Jg, Nb20s ^ Wm^ffl^bl^^tS - 
Ct^ ^JP3 0 OnmOBi2SrNb2 09*<b»lRS:J»J*U 
fco IK3BSKj&>fe©0ttStt, Bi20 3 : Sr:Nb20s<O-=€-yVlt2)S 

1:1:1 t*5J:5«-M»U*35SfcSo^ 0 Cix^J; 

9 , Bi2SrNb2 09/BaTi03 (001)/Zr0 2 (001)/Si(100) ,Bi2Sr 
Nb2 0 9 /Ir(001)/BaTi0 3 (001) /ZrO? (001)/Si(100) W«» 

[0162] i2 8l:, Bi2SrNb2 09/Ir(001)/BaTi03(00 
1)/Zr02 (001)/Si(100)(ORHEED ^-vSr, 13 2 9t-X 
»ElFf0>fi*S:^1"o #bttfcBi2SrNb2 09 (i, XftlalSr 

«J4Bi2SrNb2 09 [100]//Si[010]-C*>5 - t ti>t>frZ><> Ba 
Ti03 (00l) R±(c:»j«L]fcBi2SrNb209BHcoV^Tfc, X 

[01631 Bi2SrNb2 0 9 (001)/BaTi03 (001)/Zr02 

(ooi)/Si(ioo) iil^^tesot, io#wr 
ttwrntrnm* sissicAiwisr^fSu c- 



V «Ftt4:»3ELfctr*, HI 3 0 K^Lfc* 5 t 

y s/*3&s»fe*x, t*^yf *<Btto. 3 5v-c, t4 

*>*>0. 3 5 VO^^U — 9>f ^ Kj&Mtfcilfcwirlwfc 

[oi6 4] ft*5, «±osb*», iiaei^^ffi^^* 3 

[0 16 5] 

/HfiiLfc(001)BaTi03 SEI^co c ® Eft 
^^hiBiJfiZrOa S:±flE»ii-S»ft«5»KSr 

5pJfflffi<t^iiGv^fc(0-C*)S. ftffftfctt* ^<z>££<d« 
■»K«36T*Wft^o-fe^lj:i83»XL, &*<DS i 
O2 : i: ia *3 D R AMfflO □ Vf >tfc J: 

HKtLtS i «r»*«Ii:lcJ:»SOI^M^i: 

s;l*kj:>k ^Fiwstt^y* a^m-tr^, ft^ss 

8, ft^s^ OEIC, SQUID, v?3-fe:7y> 
EiLS I s o 

[mi] ^jgw^w^^M^fflatRowjft^ftj-fflv^ 

[132] (a) (41 X 10«B*aroRHEED/^- 
vSt^-T«S;H"C*)D, (b)(42xi, lx2fcSV^ 
Itr^bM^Lt^Si^RHEED^^-^^ 

[13 3] Z r^JRi:»iR«cJ:9*jBRSJxfcl x i©«B 

fooT, RHEED/^->'^tt)^"Cfe l 9, Si* 

8ft [no] ^ft^bm^iHSrAitLfclHlSr^^-^ 

[[34] S i (10 0) B«±tw»bixfeZ r O2 (Dm 
[[35] Si (10 0) Stt±l-»^Zr02 ©ft 

fi«5g«:^-riaffi«:ffl^K"e*>or, s i 9M£ft2fi<z> 

[110] ilSlJ&^t^SrAWlti^RHEED 

[[3 6] Zr02 (001)/Si(100) »«±(-»bHfcBaTi03K 
^xHlHJtfr[3T*fc5o 
[13 7] Zr0 2 (001)/Si(100) g«-hUl» feHfcBaTiOsBt 



(22) 



4$B5p9- 1 10 5 9 2 



ifitO [1 1 0] *rtl*»bm-?-»«rA»Lfc»*ORHE 
E D iBltff * — ^ "C £ 0 

[0 8] Zr02 (001)/Si(100) XttifcWfcnfcBaTiOsK 
CD#r®T EM?ST'fe^o 

[B9] BaTi0 3 /Zr0 2 /Si»g«£ (MOSHIig) OC- 

[[HI 0] BaTi03 (001)/Zr02 (001)/Si(100) W&L±\zM 
fe^fcS BNK^XiBlslJfiaTfeS. 

[Hill] BaTi03 (001)/ZH)2(001)/Si(100) S«-bK» 
fcfifc S B NK<ottft*5tS:^i-HBn«:ffl^K'Cfco 

S i [110] Aft Lfc 

^&<D R H E E D Etfiv* * — ^ £*H-0 "C &> S 0 

[H12) BaTiCh/Zr02/Si(100) SIR±JC»e>nfcPB 
NR^XlfclelSria-efcSo 

[il3] BaTiOa (001)/Zr0 2 (001)/Si(100) 
btlfcPZ T»OXjBllsl»fBIT*)5, 

[014] PZT(001)/BaTi03 (001)/Zr0 2 (001) /Si (100) « 

mmfe (mosM) <DC-vft&x~hz> 0 

[[§115] BaTiOa (001)/Zr02 (001)/Si(100) £tK_L(-# 
[111 6] BaTi0 3 (001)/Zr0 2 (001)/Si(100) StS-hMt 

ibnfcp t ^cox«i[Hi{FfmT*foSo , 

[Ull 7] BaTi0 3 (001)/Zr0 2 (001)/Si(100) gffi-hl-W 
S i «3eAXfi^[110] #faj&»fc«^lft&AftLfc»'& 

cd r h e e d m iff s < $ — > & ^ ■** m T fc 5 o 

[111 8] Pt(001)/BaTi0 3 (001)/Zr02 (001)/Si(100) S 
ffi±tc»fonfcBaTi03«O«ft«acS:^i-Blffi«:ffl^>C 
TfcoT, S i ¥*SA£«£>[110] #fij&»e>«rHft«:A 
|*Lfc»-&ORHEEDlISf^^ — >4r^H"C*>5. 

[Ull 9] Pt(001)/BaTi0 3 (001)/Zr0 2 (001)/Si(100) £ 
tt± 6> HTtBaTiOs Bt© X *klal£r 0 "t? *> 5 . 

[0 2 0] Pt(001)/BaTi0 3 (O01)/ZrO2(0Ol)/Si(10O) £ 
S±»C» fc H^BaTiOs BIcDD — Et^r U «H*-C fc 

So 

[02 1] Pt(001)/BaTi0 3 (001)/Zr0 2 (001)/Si(100) £ 
ilCibte S B NBtoJ»*«3fi*^-t-Blffi«:ffl^K 
tfcot, S i [110] jfrftj^fcS-^ilfcSrA 

it LtzM&(D R H E E D ELVrs* * — > 0T* Z> 0 

[0 2 2] Pt(001)/BaTi03 (001)/Zr0 2 (001)/Si(100) £ 



«±tC#bixfcS BNEOX||lHli)T0Tfe2)o 

[02 3] Pt(O01)/BaTi03 (001)/Zr02 (001)/Si(lO0) S 
&±\zmbtltz S B NgWD-E fc XT y $/*4#ttT?*> 

[02 4] Pt(001)/BaTi03 (001)/Zr02 (001)/Si(100) £ 

tE±ic#bixfcPBNK<oxjBig«fBi-efe5o 

[02 5] Pt(001)/BaTi03 (001)/Zr02 (001)/Si(100) £ 
«±W»fenfcBi4Ti30i2 K^ttftWstSr^-t-Hffiftffl 
fStfect, S i 1|M**S«<0[11O] *IpJj&»6«-?-» 

So 

[02 6] Pt(001)/BaTi0 3 (001)/Zr02 (001)/Si(100) £ 
S±Jw#fcixfeBi4Tis0i2 K^X«lle3tff0TfeSo 

[02 7] Bi4Ti3 0i2 (001)/BaTi03 (001)/Zr02 (001)/Si 
(100)SJI«jg (MOS«3S) ©C-Vl«ttfc5c 

[02 8] Ir(001)/BaTi0 3 (001)/Zr02 (001)/Si(100) £ 
«_h(c# fe *LfcBi2 SrNb2 09 K<BJB4*SSr*-rHffiftffi 
WCfcoT, S i¥ttA&K0>[llO] 
£ Aft Lfc^^co R H E E D EISp* * — y^^titfc 

So 

[02 9] Ir(001)/BaTi0 3 (001)/Zr0 2 (001) /Si (100) S 
|R±tc»fcaxfcBi2SrNb2 09BI<OXlftlHl«rBI'T?*>5o 

[030] Bi 2 SrNb 2 09 (001)/BaTi03 (001)/Zr0 2 (001) /Si 
(100) SMttKS (MOStftil) 0>C-V«M4-C*>£. 

1 HK«P3SB 

1 a MQW 

2 iftttASfi 

3 tivv? 

5 ^e— * 

6 t — ^ 

7 MMbtt^f^tt«36ll 

8 iMttt^^««P 

9 BaS£3gSf5 

10 T i 

11 Z r Sg^SS 

1 2 *±«&»7C*&»« 
P 
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[B5] I^ 6 1 




M7 7s (V) 



(25} «PS¥9- 1 1 0 5 9 2 



[18] 




1. 300. 000x 



(26) 



1 10 5 9 



imi 0] 



IM2 5] 





SBNC002) 




SBN(OOl) 














. . J 









38.ee ' 46. BB 5B.B8 . EB.tt 

2 6 C u K a 



E9.BB 




11212 7] 




-2 0 2 

(V) 



(27) 



1 1 0 5 9 2 



112] 




26 CuKa 



II 3] 



PCT(OOl) 



PZT(QOZ) 



I 



BaTlO.(002) 



15. Bfl 



30.8B . 40.00 5B.BB 6B.W 63. 

20 CuKa 



1 6] 



Ft (002) 



Si<400)&£ 



15.88 



~3aM fllS 58.BB i SOB M.i 

2 6 CuKa 



(28) ffl¥9-l 1 0 5 9 2 

[HI 5] 



I 




1 4 0. 0 0 0 x 




[HI 8] 




(30) 



1 1 0 5 9 2 



II 9] 



BaTlO»(002) 



BaTiO.(OOl) 



Ft (002) 



L 



28.68 zs.ea 38.M 



35.86 4B.W «.W 53.! 
20 CuKa . 



[g|20] 




2V/div 



(31) 4SBfl¥9- 1 1 0 5 9 2 



[S21] 




[122] 









Pt(D02] 




SBN(OOZ) 










SBN(OOl) 






/ 


i . , , , J, 




V. 



JB. BB 2ii.BB SB. TO 40. BB 4S.BB SB. SB 

2d C uK a 



.... t 

(32) ^ri¥9- 1 1 0 5 9 2 



[i23] 




0. 5V/d i v 



[BI2 4] 



20. HB 




(33) »BB5P9- 1 1 0 5 9 2 



[[32 6] 



(006) 


(ooa) 


(0014) 


Pt(002J 


L 


(0012) 
[ (0010) t 

I 1 . 1 J 


L w 


BaT10.(002) 

/ 

(OOlfl) (0022) 

u , A 



is.ee ae.ee 4e.ee se.ee 6g.ee_ _ es.ee 

' 2$ CuKa 



[BI2 9] 



7 n y h^<— s?0)JBK# 



(0010) 



(BOB), 

Bono, (ooi) 



(008) 



Li 



ZcOl 
(002) 



•Pt 
(111) 



(0012) 



BaTIO,<002) 



.*Pt(002) 



, Si 



l0tn4) " (0016) (0018) l 



LA. 



BaTiO. 
^g?) (0020 ) 



is.ee 3»..w.. 40. e« 5B.M eb.bb 7e.ee ee.ee 

2fl CuKa 



(51)Int.Cl. 6 

H 0 1 L 21/8242 
39/02 
39/24 
// HOI L 21/316 



Z AA 
2 A A 



F I 

H 0 1 L 39/24 
21/316 
27/10 



Z A AW 
M 

6 5 1 



